The physiological consequences of the noradrenergic (NE) hyperinnervation of the rat brain stem produced by neonatal administration of 6-hydroxydopamine (6-OHDA) was studied in the motor trigeminal nucleus. Stimulation of the region of the lateral lemniscus, the source of the noradrenergic innervation of the nucleus, facilitated the masseteric reflex for up to 200 msec in both normal and hyperinnervated animals. The peak facilitation was 71% larger in the NE hyperinnervated animals and was reduced by systemically administered alpha-and betaadrenergic receptor antagonists. Intracellular recordings revealed that the mean resting potential of NE hyperinnervated trigeminal motoneurons was 3 mV more hyperpolarized than that of normal cells. The mean input resistance of NE hyperinnervated motoneurons was reduced from 1.83 + 0.15 to 1.22 f 0.19 MQ. NE hyperinnervation increased the amplitude of the monosynaptic EPSP evoked by stimulation of primary afferent cell bodies in the mesencephalic trigeminal nucleus (MesV) by 65%. The mean rise time of the EPSP was increased in NE hyperinnervated motoneurons while the mean half-width was unchanged, suggesting a shift in the distribution of primary afferent terminals away from the motoneuron soma.
Stimulation of the lateral lemniscus region produced a predominantly depolarizing PSP with a time course similar to that of the reflex facilitation.
The amplitude of the depolarization in NE hyperinnervated motoneurons was not significantly different from that of controls. During this lateral lemniscus regionevoked PSP, stimulation of MesV produced an EPSP of increased amplitude, associated with a decrease or no change in input resistance. These observations support the hypothesis that increasing the density of noradrenergic terminals in the motor nucleus increases facilitation of the masseteric reflex, which is associated with the increase in the amplitude of the intracellularly recorded MesV-evoked monosynaptic EPSP in trigeminal motoneurons.
In the rat, neonatal administration of the neurotoxin, 6-hydroxydopamine (6-OHDA) produces permanent changes in the distribution of CNS terminals containing norepinephrine (NE). The forebrain and spinal cord are largely depleted of NE, while the NE content of the cerebellum and some brain stem areas is increased Levitt and Moore, 1980; Sachs et al., 1974) . In particular, the NE content of the motor trigeminal nucleus is increased several-fold (Levitt and Moore, 1980) . The motor trigeminal nucleus consists almost entirely of the motoneurons innervating the muscles of mastication and contains few intemeurons within its borders (Sessle, 1977) . The anatomy of the brain stem projections to the normal and noradrenergically hyperinnervated motor trigeminal nucleus has been described (Vomov and Sutin, 1983a) . The NE innervation of the nucleus arises exclusively from an ipsilateral group of neurons scattered among the fibers of the lateral lemniscus (LL region). In animals treated neonatally with 6-OHDA, the increased innervation originates from the same NE cell group normally innervating the nucleus, maintaining the anatomical specificity of the projection.
While this anatomically observed increase in the number of transmitter release sites could amplify the normal synaptic response, compensatory changes in postsynaptic sensitivity to monoamines also occur (Reisine, 198 1; Schwartz et al., 1978) . For example, NE denervation of the cerebral cortex (Spom et al., 1976 (Spom et al., , 1977 or cerebellum (Wolfe et al., 1982) increases the density of specific populations of adrenergic receptors and increases the sensitivity of adenyl cyclase activity to catecholamine stimulation (Kalisker et al., 1973; Spom et al., 1976) . Chronic administration of tricyclic antidepressants decreases the sensitivity of adenylate cyclase to catecholamines (Frazer et al., 1978) and decreases beta-adrenergic binding (Rosenblatt et al., 1979; Wolfe et al., 1978) , presumably by increasing the concentration of norepinephrine at the postsynaptic receptor through inhibition of presynaptic reuptake. The NE hyperinnervation of the cerebellum produced by neonatal 6-OHDA has been reported to reduce the density of beta-adrenergic receptors (Harden et al., 1979; Jonsson and Hallman, 1978 ). An electrophysiologically defined denervation supersensitivity to iontophoretically applied norepinephrine has been described in the cerebellum (Hoffer et al., 197 1) . Similarly, neurons of the facial nucleus (McCall and Aghajanian, 1979) and amygdala (Wang et al., 1978) develop a supersensitivity to iontophoretic serotonin following destruction of their serotonergic innervation.
Despite the well-established ability of NE axons to sprout in response to CNS injury or other experimental manipulations, there have been no previous attempts to test the hypothesis that an increased innervation density produces a change in excitability or synaptic efficacy. In the current series of experiments, NE actions on trigeminal motoneuron excitability in normal and NE hyperinnervated animals were examined by measuring the conditioning effects of stimulation of the LL region on the amplitude of the masseteric reflex (Bonvallet and Bobo, 1975; Kidokoro et al., 1968; Sauerland et al., 1967) . Intracellular recordings from trigeminal motoneurons were made in order to investigate the action of NE hyperinnervation upon the membrane properties of trigeminal motoneurons and their response to the non-noradrenergic monosynaptic input from primary afferents. This work has been reported previously in abstract form (Vomov and Sutin, 1983b, c) . Figure 1 . Schematic of the neuronal circuit involved in studying NE hyperinnervation effects. The masseteric reflex is recorded with bipolar hook electrodes as a compound action potential in the masseteric nerve following stimulation (s) of the mesencephalic trigeminal nucleus (Mes I'). The stimulus to MesV can be preceded by a conditioning stimulus to noradrenergic (NE) neurons in the region of the lateral lemniscus (LL) in order to examine the effects of its activation on motoneuron excitability. When trigeminal motoneurons are recorded intracellularly, the masseteric nerve electrode is used to activate motoneurons antidromitally and MesV is stimulated for orthodromic activation.
Materials and Methods
Adult Sprague-Dawley rats, ranging in weight from 200 to 400 gm, were used in all experiments. One group of 20 rats received subcutaneous injections of 100 mg/kg 6-OHDA in 1% ascorbic acid and 0.85% NaCl on postnatal days 1 and 2. Thirty uninjected littermates served as controls. For recording experiments, rats were anesthetized with 30 cm'/ kg i.p. of a saturated solution of alpha-chloralose. The trachea and, in some cases, the femoral artery and vein were cannulated. The animal was placed in a stereotaxic frame, the skull and dura over the occipital cortex removed, and the exposed cortex covered with 3% agar in Ringer's solution to prevent drying. The masseteric nerve was exposed by reflecting the temporalis muscle away from the skull and removing the posterior portion of the zygomatic arch. The nerve was ligated, cut distally, and placed on bipolar hook electrodes for recording compound action potentials. The nerve and recording electrodes were covered with a paraffin/paraffin oil mixture to prevent drying. Core temperature was maintained near 37°C by means of an electric heating pad. Before recording, the animal was immobilized with 50 mg i.p. gallamine triethiodide and mechanically ventilated. In an initial group of animals, endtidal CO, was monitored, using an IR analyzer (Beckman LB-l). We found that the parameters of pump volume and rate necessary to maintain CO, between 5 and 5.5% were quite constant from animal to animal, and we therefore did not continue monitoring in subsequent experiments.
The neural circuit producing the masseteric reflex is shown schematically in Figure 1 . Using the atlas of Pelligrino et al. (1967) , a monopolar stimulating electrode was placed in the MesV to evoke a monosynaptic response from trigeminal motoneurons, recorded as a compound action potential in the masseteric nerve. In some animals, electrode placement was medial and ventral to the cells of MesV in the tract of Probst, which contains the central processes of the primary afferents (Astrom, 1953; Matesz, 198 1) .
A second monopolar stimulating electrode was placed in the region of the LL region, which contains the NE neurons that project to the motor trigeminal nucleus (Vomov and Sutin, 1983a ). An ISAAC/Apple II microcomputer system was used to generate conditioning curves. The computer triggered the conditioning lateral lemniscus stimulus and, following selected intervals, triggered the test MesV stimulus. The masseteric nerve response was digitized and peak amplitude measured. The intertrial interval between presentation of the paired stimuli was 10 sec. In the middle record, MesV was stimulated (arrows. two stimuli, 500 Hz), evoking the small response recorded in the nerve. When the same stimulus was preceded by a train of three stimuli at 1000 Hz (squares. upper record) to the region of the lateral lemniscus (LL), the reflex evoked by the MesV stimulus was greatly increased. The proximity of the NE neurons to the motor trigeminal nucleus and the exit of the trigeminal motor root from the brain stem sometimes led to stimulus spread to these structures, resulting in the 1 msec latency responses seen following the LL region stimulus artifacts. In the bottom record, MesV alone is stimulated repetitively (500 Hz, arrows) to produce a maximal reflex response used for normalizing responses.
The conditioning stimulus to the LL region consisted of a train of three stimuli at either 500 or 1000 Hz and 0.01 msec pulse duration, set at the lowest current (less than 45 PA) that would produce a maximal facilitation of the masseteric reflex at a condition-test interval of 35 or 40 msec. The test stimulus to MesV consisted of two pulses of less than 30 PA at either 500 or 1000 Hz at 0.01 msec pulse duration, with the intensity set to evoke a small, but constant, reflex response in the absence of the conditioning stimulus ( Fig. 2 , middle trace). A series of 50 trials of the MesV test stimulation alone was digitized and averaged. The maximal masseter nerve response that could be produced by MesV stimulation alone at a given stimulus intensity was determined by increasing to six the number of stimuli in the train (Fig. 2 , bottom trace); this response was considered to be the activity of the entire pool of motoneurons that could be discharged by the MesV stimulus. The difference between the maximal response and the test response (MaxTest) was the range over which facilitation could occur. The amplitude of the masseteric reflex evoked during three trials at each conditioning interval was averaged to obtain the conditioned reflex amplitude (Cond). The test stimulus amplitude was subtracted to measure the increase in reflex amplitude at each interval (Cond -Test). The fraction of maximal facilitation was calculated according to the formula,
After the reflex responses were characterized, intracellular recordings were made (see below), or the effects of intraperitoneally administered adrenergic blocking agents tested. The nonselective beta-adrenergic receptor antagonist, propranoloi, was given in doses of 10 mg/kg and caused little or no change in the animal's heart rate or blood pressure. The nonselective alpha-adrenergic receptor antagonist, phentolamine (2 mg/kg), caused a drop in blood pressure of less than 15 mmHg and a reflex tachycardia. A major concern was possible nonspecific effects on neuronal excitability due to the systemic cardiovascular effects of the drugs; however, in the six animals receiving blocking drugs there were no decreases in the maximal MesV response and no increases in MesV thresholds. At the conclusion of each experiment, a positive DC Figure 4 . Effects of systemic administration of adrenergic receptor antagonists on peak facilitation of the masseteric reflex. Facilitation following phentolamine (2 mg/kg) and propranolol ( 10 mg/kg) administration are expressed as percentages of the maximal facilitation observed before drug administration. Each point represents the average of nine measurements in one animal at the same condition-test interval that produced the maximum pre-drug facilitation. Drugs were administered successively in the order indicated, measurements were made 30, 45, and 90 min after injection of each drug, and averaged. The second drug was administered 120 min after the first. current of 0.5 mA was passed through each electrode for 20 set to aid in subsequent histological identification of the stimulation sites.
Micropipettes filled with 2 M potassium citrate, with tip diameters < 1.5 PM and impedances of 4-20 MQ, were employed with a highimpedance, unity gain amplifier with capacitance neutralization. The electrode formed one arm of a bridge circuit that allowed intracellular injection of current (Araki and Otani, 1955) . A test pulse was periodically passed through the electrode to monitor electrode impedance and capacitance. The output of the amplifier was displayed directly on an x-y plotter for a continuous record of resting membrane potential, and was also amplified and displayed on a storage oscilloscope.
The recording electrode was directed stereotaxically to the trigeminal motor nucleus, which was identified by the presence of a large negative field potential evoked by MesV or masseteric nerve stimulation (Chase et al., 1980; Desantis et al., 1978) . The recording position was confirmed by subsequent histological examination of the electrode tracks. Only intracellular impalements giving a stable membrane potential greater than 50 mV for periods ranging from 15 min to 2% hr are included in the data analysis. The resting potential was measured periodically during the impalement and an average calculated. Input impedance was measured by the bridge imbalance method (Araki and Otani, 1955; Frank and Fuortes, 1956) . In most cases, the bridge was balanced outside of the cell and then, following impalement, the voltage offset produced by a 10 msec, 1.2 nA microelectrode negative square wave was measured.
The ISAAC/Apple system was used to digitize and average intracellular recordings (118 psec/sample). Signals were analyzed on line and/ or recorded with an FM tape recorder for later analysis. Synaptically evoked potentials were averaged over 15-100 trials and the latency, amplitude, rise time, and half-width calculated using a modified version of a waveform analysis program written by Teyler et al. (1982) .
Results

Facilitation of the masseteric reflex by stimulation of the LL region
The LL region contains the NE neurons that project to the motor trigeminal nucleus (Vornov and Sutin, 1983a this area strongly facilitated the masseteric reflex, as illustrated in Figure 2 . Peak facilitation occurred at a mean condition-test interval of 23 msec, and the facilitation always lasted at least 100 msec. Maximal facilitation required an intertrial interval of at least 5 sec. LL region conditioning stimuli alone produced no synchronized discharge of motoneurons (Fig. 2, top trace) .
A series of 18 normal and 7 neonatal 6-OHDA-treated rats were compared to test the hypothesis that an increased density of NE innervation leads to increased facilitation (Fig. 3) . The peak facilitation in the neonatal 6-OHDA-treated group was 71% greater than in the control group (p < 0.005; Student's t test), and the area under the conditioning curve was increased by 78% (p < 0.01). The time course of the facilitation was unchanged. The sizes of the motoneuron pools studied in the two groups were similar, since the maximal responses to MesV stimulation alone (Max) did not differ significantly (p > 0.05). Similarly, the amplitudes of the unconditioned response (Test) were not significantly different (p > 0.05).
Stimulation of the LL region may also activate non-noradrenergic cells or axons that project directly or polysynaptically to the motor trigeminal nucleus. For this reason, drugs known to block adrenergic receptors were administered systemically to confirm that the facilitation we observed was mediated by adrenergic receptors. Drugs were administered successively: Four rats received propranolol first, which was followed 2 hr later by phentolamine. Two rats received the drugs in the opposite order. The data from these experiments are illustrated in Figure 4 ; the combination of propranolol and phentolamine, administered in either order, significantly reduced the facilitation (p < 0.001; paired t test). However, neither agent alone completely blocked the facilitation.
Phentolamine, alone or following propranolol administration, caused an increase in the response to MesV test stimulation alone. In order to maintain a consistent method of data collection, the MesV stimulus intensity was decreased until an amplitude typical of the resting response was evoked. This decreased intensity was still capable ofeliciting the predrug maximal response when the stimulus train was lengthened.
Resting membrane properties and synaptic responses of normal and noradrenergically hyperinnervated motoneurons Intracellular recordings were obtained from a total of 80 trigeminal motoneurons in normal rats and 57 motoneurons in neonatal 6-OHDA-treated rats. Membrane potential and input resistance were compared in the normal and hyperinnervated populations to test whether noradrenergic hyperinnervation alters the resting membrane properties of these neurons. The mean resting potential of 80 trigeminal motoneurons in rats treated neonatally with 6-OHDA was -60.29 + 0.86 mV, which was 3.56 mV more hyperpolarized than the -56.7 + 0.45 mV average of 57 motoneurons recorded in normal animals (p < 0.00 1). As is shown in Figure 5A , the distributions of membrane potentials in the two groups overlap extensively, but there are many more NE hyperinnervated cells with resting potentials greater than -65 mV. The mean input resistance of hyperinnervated motoneurons was 33% lower than in normally innervated cells (p < 0.02). Figure 5B illustrates the shift in the distribution of input resistances in the hyperinnervated motoneurons.
There was a 65% increase in the mean amplitude of the EPSP in recordings from neonatal 6-OHDA-treated animals, compared with controls (p < 0.001). The decrease in input resistance measured in hyperinnervated neurons would be expected to decrease EPSP amplitude (Katz and Thesleff, 1957; Kuno and Miyahara, 1969) while the membrane hyperpolarization observed would tend to increase EPSP amplitude. However, the small change in resting membrane potential is insufficient to explain the large increase in EPSP amplitude if the reversal potential of the EPSP is near 0 mV and the synaptic channels are not extremely voltage-sensitive.
EPSP rise times and half-widths were characterized in order to examine possible changes in the distribution of MesV terminals over the motoneuron surface in hyperinnervated animals. There was a significant increase in the rise time as measured from the foot ofthe EPSP to its peak (p < 0.05). The half-widths (widths at half-amplitude) and durations of EPSPs in the hy- LL region-evoked PSPs and facilitation of the monosynaptic EPSP The period of LL region-evoked facilitation of the masseteric reflex was correlated with an intracellularly recorded depolarization. PSPs evoked by stimulation were digitized and averaged in 13 cells in normal animals and 18 cells in neonatal 6-OHDAtreated animals. The duration of these PSPs ranged from 75 to 250 msec and often had a complex shape. The PSPs were predominantly depolarizing, but some cells also displayed a hyperpolarizing component (Fig. 7) . In most cases, the amplitudes of all components increased or decreased equally as the stimulation intensity was varied. The shape of the PSP did not vary systematically with stimulating electrode position and, as illustrated in Figure 7 , the same electrode position, which was unchanged in each animal, produced a variety of PSP shapes in different cells. The largest depolarizing amplitude of each LL region-evoked PSP was considered to be the peak amplitude of the response.
No significant difference in amplitude was found between the normal (5.22 f 0.67 mV; SEM) and noradrenergically hyperinnervated (4.69 f 0.43 mV; SEM) cells.
During the LL region-evoked PSP, the MesV EPSP was increased in amplitude in 10 of 14 consecutively recorded motoneurons in three animals (Fig. 8, A-C) . The time course of the EPSP facilitation was similar to that of the LL region-evoked depolarization. During intracellular current injection (1.2 nA, 10 msec) in 7 of these 10 motoneurons, no change in membrane resistance could be detected (Fig. 80) at the same latency at which the MesV EPSP amplitude was increased (Fig. 8A) . In three cells, a small bridge imbalance, indicative of a decrease in membrane resistance, was observed. An alternative method of demonstrating changes in input resistance is the measurement ofantidromic spike amplitude (Frank and Fuortes, 1956; Llinas, 1964) . A decrease in the amplitude of antidromically evoked spikes is evident in recording from the masseteric motoneuron shown in Figure 8E , suggesting a conductance increase. However, the change in spike amplitude could also be caused by an effect on the voltage-sensitive channels mediating the action potential (e.g., decreases in Na+ or Ca*+ channel activation). There was, however, no evidence that the increased amplitude of the MesV EPSP seen during the PSP evoked by stimulation of the LL region was due to an increase in membrane resistance.
Normal
Neonatal 6-OHDA Figure 7 . Examples of LL regionevoked PSPs. Tracings of averaged digitized PSPs evoked by stimulation of the region of the lateral lemniscus, recorded from normal and hyperinnervated trigeminal motoneurons, are illustrated. The LL region was stimulated with a train of three stimuli at 500 Hz. The number preceding each truce is the animal number and, following a decimal point, the cell number from that animal. During recordings from each animal, stimulation sites and parameters were unchanged.
-.
Figure 8. A and B, Two examples of the effect of LL region-conditioning stimulation on the intracellularly recorded MesV-evoked EPSP. The EPSP (arrows) had a larger amplitude when preceded by a conditioning stimulus to the lateral lemniscus (three circles, upper truces) than when MesV was stimulated alone (arrows, lower traces). C, Sample digitized MesV-evoked EPSPs, alone (lower record) or preceded by LL region stimulus (upper record) . D, Intracellular current injection through the balanced bridge alone (lower record, arrow) or preceded by LL region stimuli (three circles, upper record). Same cell as in A, at approximately the same latency. No change in input resistance during the LL PSP is apparent. E, Antidromic spikes evoked during the LL region-evoked PSP, with six sweeps superimposed. The first spike precedes the LL stimuli (three circles) and the dotted line indicates its amplitude. Antidromic spikes evoked during the PSP have a decreased amplitude (e.g., at arrow), indicating a _ decrease in input resistance.
Discussion
Stimulation of the anatomically defined origin of the NE innervation of the trigeminal motor nucleus produced a facilitation of the masseteric reflex, which was increased after neonatal 6-OHDA treatment. The small changes in average membrane potential and input resistance in the postsynaptic cells do not account for the marked facilitation of the reflex observed in NE hyperinnervated animals. While the lowest threshold stimulation sites were within the LL region containing NE neurons of the A7 group (Dahlstrom and Fuxe, 1964) , which innervate both the normal and noradrenergically hyperinnervated nucleus (Vomov and Sutin, 1983a) , our results must be interpreted with caution since direct evidence of NE mediation of the facilitation is lacking. Systemically administered alpha-and beta-adrenergic receptor antagonists decreased the facilitation, but remote NE effects that indirectly affect the excitability of trigeminal motoneurons cannot be excluded.
In the lumbar spinal cord, stimulation of the descending NE projection from the nucleus locus coeruleus (LC) facilitates the monosynaptic response of motoneurons to dorsal root stimulation (Strahlendorfet al., 1980) . This action is partially blocked by systemic alpha-receptor antagonists. Peak LC-evoked facilitation occurs at about 40 msec after onset and lasts about 100 msec-a time course comparable to the facilitation described here. This spinal motoneuron facilitation is associated with a membrane depolarization that is partially blocked by alpha antagonists (Fung and Barnes, 198 1) .
NE iontophoresis onto both spinal (White and Neumann, 1983) and facial (VanderMalen and Aghajanian, 1980) motoneurons also produces a membrane depolarization blocked by alpha-adrenergic antagonists. In locus coeruleus-spinal cord cocultures, Pun et al. (1985) observed an alpha-adrenergic-mediated depolarization following NE iontophoresis or stimulation of the LC. The depolarization was sometimes preceded by a hyperpolarization similar to the biphasic responses we observed.
In both the facial nucleus (VanderMalen and Aghajanian, 1980) and in tissue culture (Pun et al., 1985 ) NE-mediated depolarization is accompanied by decreased membrane conductance, most likely of potassium ions. We did not observe decreases in membrane conductance during the LL region-evoked PSP. In hippocampal slice preparations, NE, acting on betareceptors, blocks the calcium-activated potassium conductance and increases responses to depolarizing current pulses without changing membrane potential or resistance (Madison and Ni-~011, 1982) . However, this mechanism prolongs the duration of spike discharges by reducing accommodation and cannot explain increases in the amplitude of the synaptic response of the type observed in our experiments. Since NE augments GABAmediated inhibition in both cerebellum and somatosensory cortex (Waterhouse et al., 1980 ) additional mechanisms must exist by which NE modulates postsynaptic sensitivity to other transmitters . Noradrenergic presynaptic increases in the quantity or duration of transmitter release from MesV axon terminals are also consistent with a lack of motoneuron membrane conductance changes.
Neonatal 6-OHDA treatment increased the LL region-evoked facilitation of the masseteric reflex and the MesV monosynaptic EPSP amplitude. Since the amplitude of the depolarization produced by LL stimulation alone is not increased in hyperinnervated motoneurons, it is likely that the increased NE release leads to a larger increase in the MesV EPSP amplitude, compared to controls. The increased MesV EPSP amplitude in hyperinnervated motoneurons in the absence of conditioning stimuli could reflect increased tonic NE release and EPSP facilitation.
According to Rail's cable model of a neuron with a branched dendritic tree, the longer EPSP rise time observed in 6-OHDAtreated animals could result from decreased proximal input (Rall, 1967; Rall et al., 1967) suggesting that fewer MesV afferents make synapses on the soma and proximal dendrites in the presence of NE sprouting. No significant increase in half-width or duration was observed, consistent with an undisturbed distribution of MesV synapses at more distal sites. As in previous reports, we found that EPSP rise time and amplitude are uncorrelated (Iansek and Redman, 1973; Mendell and Weiner, 1976) . This has been explained by assuming that more charge Vol. 6, No. 1, Jan. 1986 is transferred across distal synapses, so that EPSPs are of similar amplitude regardless of synapse location, which results in an absence of spatial weighting of synaptic input. The apparent loss of proximally located MesV synapses on trigeminal motoneurons is in agreement with a recent electron microscopic study that concluded that neonatal 6-OHDA treatment increased the density of NE terminals on trigeminal motoneuron somata, while the density of another morphologically characterized type of terminal is decreased. No change in motoneuron soma size of total synaptic density was observed (Hemmindinger and Moore, 1983) .
Hyperpolarizing inhibitory responses to iontophoresed NE have been reported in many CNS areas, including spinal motoneurons (Phillis et al., 1968; Weight and Salmoiraghi, 1967) and spinal cord explants (Pun et al., 1985) , although the specificity of the motoneuron response has been questioned (Engberg et al., 1976) . We also sometimes observed early hyperpolarizations after LL region stimulation and, in hyperinnervated motoneurons, a lower membrane potential. If NE generally increases the efficacy of non-NE synapses, then tonic release could facilitate tonically active inhibitory synapses, producing the observed hyperpolarization and decreased input resistance, while also facilitating the masseteric reflex when primary afferent fibers discharge-the overall effect being to increase the signalto-noise ratio, as suggested by Woodward et al. (1979) . These results parallel an investigation of the sensory trigeminal nucleus in which an increase in noradrenergic inhibition was found following neonatal 6-OHDA treatment (McBride and Sutin, 1984) . While NE denervation causes an up-regulation of adrenergic receptors at some synaptic sites, receptor down-regulation does not prevent significant physiological alterations in NE hyperinnervated nuclei.
